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和分布。本研究测得珠江口上游淡水区域的硝化速率为 4.00 - 17.64 μ mol/L/d，
中游咸淡水混合区速率为 0.28 - 4.05 μ mol/L/d，下游口外珠江冲淡水影响区速率
为 0.03 - 0.36 μ mol/L/d。 
珠江口硝化过程存在显著的光抑制效应，表层光照条件下硝化速率比黑暗条
件下低 50 - 90%。本研究首次发现珠江口水体氨氧化细菌（AOB）和氨氧化古菌









 吸收速率分别为 9.07 - 13.82 μ mol/L/d， 0.24 - 1.38 μ mol/L/d 和 0.34 - 
1.69 μ mol/L/d；NO2
-
 吸收速率分别为 0.14 - 0.43 μ mol/L/d，0.02 - 0.26 μ mol/L/d
和 0.03 - 1.12 μ mol/L/d，NO3
-
 吸收速率分别为 0.33 - 1.37 μ mol/L/d， 0.12 - 0.52 















































Nitrogen is one of the limiting factors of ocean primary productivity. Coupled 
with other biogenic elements, such as carbon and phosphorus, nitrogen cycle plays an 
important role on marine biogeochemical process by controlling export of organic 
matter, efficiency of biological pump and atmospheric CO2 level. Input of growing 
anthropogenic nitrogen via river significantly changes the composition of reactive 
nitrogen, which led to a serial impact to the internal pathways of nitrogen cycle. 11 
stations, covered freshwater zone, mixing zone and plume zone of Pearl River Estuary, 
were investigated.  
This study is the first time to apply stable isotope tracer method to obtain the rate 
and distribution of water nitrification rate. The nitrification rate in freshwater zone, 
mixing zone and plume zone were 4.00 - 17.64 μ mol/L/d, 0.28 - 4.05μ mol/L/d and 
0.03 - 0.36 μ mol/L/d, respectively. Significant light inhibition of ammonia oxidation 
can be observed in all survey area.  
First time, we reported the distribution of ammonia-oxidizing bacteria and 
ammonia-oxidizing archaea in the whole estuary of Pearl River. AOA had an 
abundance 2 - 4 order of magnitude greater than that of AOB. Meanwhile, abundance 
of AOA/AOB revealed a trend of increasing with depth, which indicated the 
orientation of nitrifiers to low light. In upper area of Pearl River Estuary, it showed no 
significant correlation between nitrification rate and ammonia concentration while a 
certain positive correlation exists in lower estuary. Nitrification rate also has a 
logarithmic relationship with AOA/AOB abundance in lower estuary. However, the 
relationship is unapparent in upper area.  
This study also applied stable isotope tracer method to obtain the rate and 
distribution of inorganic nitrogen uptake by phytoplankton. Ammonium uptake rate 
decreased rapidly along the river flow while nitrite and nitrate uptake rate were steady. 
NH4
+
 uptake rate in freshwater zone, mixing zone and plume zone were 9.07 - 13.82 μ 


















rate were 0.14 - 0.43 μ mol/L/d, 0.02 - 0.26 μ mol/L/d and 0.03 - 1.12 μ mol/L/d, 
respectively. NO3
-
 uptake rate were 0.33 - 1.37 μ mol/L/d, 0.12 - 0.52 μ mol/L/d and 
0.06 - 11.47 μ mol/L/d, respectively. The phytoplankton RPI (relative preference 
index) indicates that ammonium was strongly preferred by phytoplankton, especially 
in mixing zone of mid-estuary. Nitrite only be preferred in lower estuary and nitrate 
showed no preference to phytoplankton at all. 
Phytoplankton uptake rate of 3 N-species under dark conditions significantly 
lower than that under light. Dark NH4
+
 uptake were only 28 - 47 % of illuminated rate, 
but had a superior RPI. The good linear relationship between Chl-a concentration and 
Dark NH4
+
 uptake indicated that phytoplankton were prone to assimilate NH4
+
 of 
reducing state. Relationship between ammonium concentration and ammonium uptake 
rate do correspond to Michaelis-Menten equation. NH4
+
 uptake were stable under 
extremely high concentration of NH4
+
 in freshwater zone, while it increased linearly 
with NH4
+




 uptake rate showed no correlation with 
substrate concentration yet seems dependent on the phytoplankton abundance. 
 
































20%的初级生产力（Field et al., 1998）。同时，河口地区聚集了大量人口，工业、
农业发达，因此受到人类活动的严重影响，大量人为来源活性氮的排放对河口和
























生物难以利用。而可被生物直接利用的固定态氮仅占海洋总氮储库的  ~ 6%










（Seitzinger et al., 2002; Brandes et al., 2007）。有机氮主要分为颗粒有机氮（PON）
和溶解有机氮（DON）。溶解有机氮主要包括多种氨基酸、小分子肽、胨、尿素，
以及腐殖质等较复杂的可溶性有机物，颗粒有机氮（PON）是评估海洋初级生产
力或者生物量的大小的重要参数（Ward and Bronk, 2001; McCarthy et al., 1998）。 
海洋中氮化合物的形态和性质各不相同，并且可以通过多种生物地球化学过























图 1.1 海洋氮循环的主要过程（自 Gruber, 2008） 





































主要地位（Capone et al., 2008）。大量实测结果表明，浮游植物体内含碳、氮、











 + 48H2O + 14OH






仅占活性氮的 ~ 0.3%，对硝氮的吸收可占总 DIN吸收速率的 40 - 50%（Bronk, 
2002），硝酸盐的吸收需要更多能量，因此需要光合作用分解更多的水分子，因
此有： 




 + 78H2O + 18H












 C106H175O42N16P + 118O2

















































硝化-反硝化对固定氮移除有重要作用（Corredor et al., 1999）。 
 





统计，人类活动已导致河流输送的 DIN增长了 2 - 4倍，并提供了河口地区 89%




殖，引发水华或有毒赤潮（Galloway et al., 2004）。水华使水体生物量大量增加，
当这些有机物死亡后分解矿化，使底层水中的溶解氧被快速消耗，诱发水体缺氧
事件，严重威胁鱼类等其他生物的生存。甚至导致生态系统的崩溃，形成一般动
植物难以生存的“死区”（Hagy et al., 2004; Canfield et al., 2010）。此外，在缺氧
条件下，丰富的有机质促进了各类脱氮过程，如厌氧氨氧化和耦合硝化-反硝化
等（Ravishankara et al., 2009）。这些过程一方面减轻了河口和近岸的氮负载，另
一方面，这些过程中常常伴随着 N2O 气体的释放，N2O 的温室效应是 CO2的 ~ 
300倍，同时也对臭氧层有破坏作用，因此将引发一系列气候问题（IPCC, 2007）。
过量氮输入本身也对水生生物有毒害作用，如过高的氨氮、亚硝均对生物有一定
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